Although urinary uric acid has been determined on several occasions, quantitative data relating uric acid output to the intake of its precursors and nitrogen is lacking. The experiments described here were designed to accomplish this task. The magnitude of uric acid output and its relationships to "one carbon," glycine, and energy metabolism are discussed.
EXPERIMENTAL
Arbor Acre male chicks were used in this study. They were randomized into electric battery brooders at one day of age, and feed and tap water supplied ad libitum.
The basal diets for trial 1 are presented in Table 1 . When adjustments in protein content were made, all sources of protein were changed in the same proportion so that any amino acid as a percent of protein would remain constant. This was 8 Soybean protein (C-l) is isolated, purified soybean protein obtained from Archer-Daniels Midland, Minneapolis, Minnesota.
* Vitamin mix was blended on cerelose and supplies the following per kilo of diet: folic acid, 600 meg.; Menadione sodium bisulfite, 5,000 meg.; pyridoxine hydrochloride, 10,000 meg.; niacin, 50,000 meg.; Ca-pantothenate, 40,000 meg.; riboflavin, 20,000 meg.; thiamine hydrochloride, 20,000 meg.; ascorbic acid, 20,000 meg.; inositol, 1,000 mg.; vitamin D3, 1,875 I.C.U.; vitamin A, 10,000 I.U.; d-alpha tocopherol acetate, 15.4 mg.; vitamin Bis, 30.0 meg.; biotin, 400 meg.; Santoquin, 125 mg.; choline CI, 1.5 gm.
* Mineral mix supplies as a percent of diet: CaCOj, 0.75; CasCPCuK 2.30; K2HPO4, 0.8; MgSOWHaO, 0.50; NaCl (iodized), 0.60; FeS04, 0.062; CuSCvSIfcO, 0.002; MnSCvHsO, 0.031; C0SO4, 0.0002; H3BO3, 0.001 ; KAl(S04)s-12H20, 0.002; NaaMoCu^HsO, 0.001: NaaSiOs-oikO, 0.005; NaBr, 0.002; ZnCk 0.02; KC1, 0.2; NaSeOa-lOHsO, 0.000042; with cerelose added to complete equivalency to 6.0%. essential as amino acid balance influences nitrogen retention, and conceivably uric acid excretion.
Feces were collected on aluminum foil at 5 and 12 days-each sample taken over an approximate 24 hour period. Air was blown gently across the excreta while still on aluminum to remove dust and down. Visible feathers were removed with forceps. The feces were then dried to a constant weight in a vacuum oven (@37°C), ground, and mixed carefully. Nitrogen was determined as per A.O.A.C. (1955) . Chromic oxide was quantitated by the method of Bolin et al. (1952) . Uric acid was extracted in alkaline lithium carbonate and titrated by the iodimetric method of Bose (1944) as modified by Baker (1946) .
The diets used in trial 2 are given in Table 3 . Composition in terms of protein and choline were arrived at by calculations based on standard accepted values.
RESULTS
Trial 1. The purpose of this trial was to determine the amount of uric acid excreted per unit of nitrogen comsumed. These data are given in Table 2 and also illustrated graphically in Figure 1 .
Examination of the data reveal nitrogen excretion to increase with age. This reflects primarily the decrease in protein needs as the birds grow older; however, the fact that the older birds, even on an inadequate diet, still increase nitrogen excretion indicates a decline in the bird's ability to retain the element. Uric acid output closely parallels nitrogen loss.
The relationship of uric acid excretion to the intake of its precursers is given in Table 2 . These data indicate that dietary sources of methyl groups are insignificant when compared to the total quantity of "one-carbons" needed to synthesize uric acid.
1 It is also noteworthy that glycine needs are a sizeable portion of that calculated to be in the diet. Energy excreted in the form of uric acid is relatively small; however, it will be pointed out in the discussion that this is not truly representative of the total energy expenditure for this process.
Trial 2. This trial was designed to de- Calculated on a methyl equivalency basis using the assumptions that one methyl group from choline is available and that two moles of choline would be needed per mole of uric acid excreted. 3 The amounts of glycine calculated to be in the 125, 100, 75, and 50% diets are 2.33, 1.86, 1.40, and 0.93%, respectively.
4 Calculated on a methyl equivalency basis assuming two moles of methionine are equivalent to one mole of uric acid. 6 Calculations reveal that all diets contain approximately 1,490 Calories of metabolizable energy per pound. termine if excess dietary protein increased the need for methyl groups to synthesize uric acid. A three by three factorial design with three protein and choline levels was employed. The data from this experiment are given in Table 3 and indicate no relationship between the choline and protein levels of the diet; thus, it would appear that methyl groups are not directly involved in uric acid synthesis, despite findings with radioisotopes.
DISCUSSION
In trial 1 it was shown that the need for "one-carbon" fragments to synthesize uric acid greatly exceeded dietary methyl groups. The magnitude of these differences would be even greater if other demands for methyl groups and methionine and choline per se were considered. These data indicate that formate or methyl groups synthesized in vivo are the primary one-carbon entities involved in uric acid synthesis. Dinning and Young (1959) have shown that chick bone marrow is 2 Basal diet as % consisted of the following: corn oil, 5.0; vitamin mix, 5.0; mineral mix, 6.00; with soybean protein and choline chloride additions as indicated, and cerelose used to complete the diet. The mineral mix is identical with that found in Table 1 . The vitamin mix is similar with the following exceptions: folic acid, 300 mcg./kilo; a-tocopherol acetate, 30.8 mg./kilo; vitamin B12, 4 mcg./kilo; butylated hydroxy toluene (25%) replacing Santoquin, 0.5 gm./kilo; and methionine to supply 0.4% to the diet. able to synthesize methyl groups by the reduction of formate. If methyl synthesis were of sufficient magnitude, optimum growth should be obtained by supplementing chick diets adequately withhomocysteine and methylaminoethanol; however, the work of Jukes et al. (1950) , Schaefer et al. (1951) , and Young et al. (1955) , would indicate that this is not the case. Thus, it would seem that formate must be the primary "one-carbon" metabolite used in the synthesis of uric acid. It seems reasonable to assume that the findings of isotopic labeled methyl groups from methionine in the uric acid arise through some indirect process, rather than an active, primary, synthetic mechanism.
The role of glycine in chick diets has been discussed by Fisher et al. (1955) and Nesheim (1959) . The former workers stressed the role of glycine in the synthesis of creatine and feather formation while the latter stated that "the synthesis of uric acid is quantitatively probably the most important use for glycine." The findings here support the statement of Nesheim in that the amount of glycine needed to excrete uric acid utilized a major portion of that calculated to be in the diet. The total demand for glycine to synthesize proteins, heme, creatine, glutathione, purines, uric acid, etc., must be considerable above the amount furnished in the diet. The biosynthesis of the compound cannot take place without considerable expenditure of energy, and this may explain partially the improved feed efficiency from glycine supplementation reported by Fisher et al. (1955) . In view of the magnitude of glycine synthesis in vivo and the fact that this process is regulated by enzymes, genetic ability to carry out the formation of the compound cannot be overlooked. This fact, coupled with nitrogen balance, probably explains much of the variation in glycine needs as discussed by Nesheim (1959) .
The amount of energy found in uric acid as related to dietary intake is relatively small; however, this can be misleading. The primary transfer source of energy in any biological synthesis is adenosine triphosphate (ATP). The efficiency of synthesis of ATP from carbohydrate is approximately sixty percent, thus indicating considerable loss of energy before the actual synthetic process gets underway. It is also known that a reaction series cannot proceed spontaneously without an increase in entropy; thus, further loss of energy after the actual synthesis of uric acid begins is necessary. Current schemes for synthesis of the excretory product call for the formation of a purine with subsequent oxidation to uric acid (Baldwin, 1957) . This route must be very inefficient energetically since carbon dioxide and formate, both found in the molecule, must be reduced, then reoxidized before the end product is formed. There is little likelihood that this energy is conserved since these reactions are not known to be associated with any trapping mechanism. In view of the limited amount of energy available to the developing embryo in the egg, this pathway as a primary synthetic route might be questioned; however, Needham (1942) points out that only 5% of egg protein is oxidized, and perhaps the embryonic chick gets around this hurdle by being extremely efficient in the utilization of protein.
Uric acid contains 8.21 Calories/gram of nitrogen, compared to 5.41 for urea; thus, 51.75% more energy would be required by the bird to excrete nitrogen if the pathways of synthesis of uric acid and urea were equally efficient. However, because of the multiplicity of steps involved, the reduction, then reoxidation of carbon dioxide and formate, it would appear that uric acid synthesis is the less efficient process energetically. If this is true the bird's energy requirement to excrete nitrogen could be relatively greater than the 51.75% indicated by molecular structure. In any event, the synthesis of uric acid calls for expenditure of far more energy than is found in the actual molecule, and uric acid excretion may explain the higher specific dynamic action in the chick as reported by Hill and Anderson (1958) .
SUMMARY
By use of chromic oxide balance technique, uric acid excretion as related to nitrogen intake was determined.
The results indicate that approximately one-fourth of dietary nitrogen is excreted as uric acid by the chick.
Calculations from quantitative data reveal dietary methyl groups to be insignificant when compared to the amount of "one-carbon" metabolites needed to synthesize uric acid; thus, it would appear that formate produced in vivo is the primary "one-carbon" metabolite involved.
The significance of uric acid in energy metabolism is discussed.
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N
OT until recently has any work been reported on the level of protein necessary in turkey breeder rations for optimum performance. As a consequence, levels varying from 15 to 20% of the diet have been recommended by different experiment stations, even though the National Research Council (1954) has suggested a level of 15%. Robblee and Clandinin (1959) reported no advantage for feeding rations containing 17% protein over those containing 15% protein. The productive energy content of their rations varied from 700 to 800 Calories per pound. Carter et al. (1957) compared rations containing 16 and 18% protein in combination with 800, 900, and 1,000 Calories of productive energy per pound. Differences in fertility and hatchability were slightly in favor of the higher protein level.
A larger proportion of the feed consumed by turkeys than for chickens is used for maintenance and it is well known that the protein requirement for maintenance is less than for egg production.
